1. Introduction
===============

Acute myeloid leukemia (AML) is a hematopoietic malignancy which is characterized by the proliferation of blast cells and the hematopoietic dysfunction of normal bone marrow, and it is the most common type of acute leukemia, with a high mortality rate, among adults in clinic .^\[[@R1]\]^ Patients suffering from AML are more vulnerable to thrombocytopenia due to the inhibited function of normal bone marrow after chemotherapy. For that reason, it is usually required that patients need to get inpatient care during the treatment period to prevent the occurrence of bleeding and other complications, which are both the roots of high mortality.^\[[@R2]\]^

Percutaneous coronary intervention (PCI) is an effective treatment for coronary heart disease (CHD). Acute stent thrombosis is one of the serious complications, it needs dual antiplatelet therapy (DAPT) to prevent abrupt thrombotic vessel closure after PCI.^\[[@R3],[@R4]\]^ Although DAPT, as a secondary prevention, is associated with lower risk of death originating from atherosclerosis progression,^\[[@R5]\]^ recent research results have shown a higher risk of bleeding in patients received DAPT, which can sometimes increase the noncardiovascular mortality.^\[[@R6],[@R7]\]^ However, DAPT, as a secondary prevention, remains questionable, especially when it comes to the patient with AML and CHD together, because it is hard to balance the contradiction between bleeding and thrombosis risk, let alone this kind of case reports are insufficient. Our case report describes a patient with AML after PCI, and we carefully designed pharmaceutical care to help patient get a better treatment.

2. Case presentation
====================

A 52-year-old man was admitted to the hospital on emergency basis due to symptoms of chest tightness for 5 years and palpitation aggravated for 5 days. The patient reported a history of chest tightness, shortness of a breath, and occasional headache persist for 5 years after fast walking, climbing stairs, fatigue, anger, and the symptoms could be alleviated 1 or 2 minutes later. In November 2011, he came to the hospital for a recurrent and unknown chest tightness. Coronary angiography examination observed that both left anterior descending coronary artery (LAD) and left circumflex branch (LCX) morphed into mild stenosis (Fig. [1](#F1){ref-type="fig"}). The coronary atherosclerotic heart disease was diagnosed, and no change of blood was found in the routine exam (white blood cell count, 9.1 × 10^9^/L; hemoglobin, 165 g/L; and platelets, 272/ × 10^9^/L). After discharging from the hospital, the doctor prescribed him aspirin (100 mg QD), clopidogrel (75 mg QD), atorvastatin (20 mg QD), and metoprolol (12.5 mg BID) for secondary prevention of CHD, but he did not take the medicine as directed.

![Initial coronary angiogram showed that left anterior descending coronary artery (LAD) and left circumflex branch (LCX) has mild stenosis. In November 2011, initial coronary angiography examination showed that both the left anterior descending coronary artery (LAD) and left circumflex branch (LCX) had 30% to 40% stenosis in the middle portion.](medi-98-e16586-g001){#F1}

In July 2012, the patient came back to the emergency department because of chest pain and the other symptoms significantly worsened than ever. Physical examination of normal vital signs revealed there was no obvious petechiae or blood spots found on his skin. Then the patient underwent coronary angiography examination, and the result showed an aggravation of stenosis (Fig. [2](#F2){ref-type="fig"}), so did percutaneous transluminal coronary angioplasty and placement of 1 drug-eluting stents in the LAD (Fig. [3](#F3){ref-type="fig"}). His chest pain and pathological changes quickly resolved by PCI procedure, and on a regimen of aspirin (100 mg QD), clopidogrel (75 mg QD).

![A year later, the coronary angiography examination showed stenosis degree aggravating than earlier. In November 2012, because of chest pain and the other symptoms significantly worse than before, so the patient underwent coronary angiography examination again, the results showed that the 75% localized stenosis was seen in the middle proption of the LAD, and 60% localized stenosis was seen in the middle proption of the LCX.](medi-98-e16586-g002){#F2}

![The final coronary angiogram showed a successfully implanted stent at the LAD. The pathological changes were quickly resolved by percutaneous transluminal coronary angioplasty and placement of 1 drug-eluting stents in the LAD.](medi-98-e16586-g003){#F3}

One day later, he was found to have unknown pancytopenia (hemoglobin, 6.9 mg/dL; white blood cell count, 3.4 × 10^9^/L; and platelets, 12 × 10^9^/L), for which no explanation was found and suspected to have hematological diseases. A bone marrow aspirate and biopsy were performed to evaluate thrombocytopenia and it showed the abundance of immature myeloid cells with coalescent granules. Histochemical staining showed the myeloid cells stained positive with myeloperoxidase, so the patient was diagnosed with AML, and the AML was identified as AML-M2 (World Health Organization classification M2; Fig. [4](#F4){ref-type="fig"}). Cytogenetic karyotypes revealed 88 to 91,XX,YY,2 × t(8;21)(q22;q22)\[20\], immunophenotype suggested myeloid expression with HLA-DR, CD13, CD15, CD19, CD33, CD34, CD38, CD56, CD64, CD117, CD123, MPO (Fig. [5](#F5){ref-type="fig"}). Notably, PML/RARa fusion genes were no expression, but ETO fusion genes were expressed as 4.59 × 10^4^. Besides, the mutation testing of C-KIT, FLT-3, and NPM1 was negative. The patient received 7 cycles of IA (idarubicin 10 mg D1-3, cytarabine 200 mg D1-7) and HD-Ara-C (high dose cytarabine, 2000 mg D1,3,5) scheme chemotherapy, and he was in complete remission after chemotherapy (Figs. [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}). To prevent stent thrombosis, the patient received clopidogrel (75 mg QD) monotherapy when the platelet counts between 60 and 100 × 10^9^/L, and combined aspirin (100 mg QD) when the platelet counts greater than 100 × 10^9^/L, wherever stopped all the antiplatelets when the platelet counts less than 60 × 10^9^/L. The disease-free survival in the patient has been over 6 years, and the patient is still being followed up in clinic.

![The results of bone marrow examination when the patient had unknown pancytopenia and suspected with hematological diseases. Bone marrow aspiration revealed abundant, immature myeloid cells with coalescent granules, and histochemical staining showed peroxidase staining positive rate approximate 83% and alkaline phosphatase staining rate approximate 2%.](medi-98-e16586-g004){#F4}

![The results of chromosome karyotype analysis and immunophenotype. Conventional cytogenetic analysis was carried out on direct preparations, and immunophenotype was performed on isolated bone marrow mononuclear cells by flow cytometry after collection according to standard procedure. Cytogenetic karyotypes revealed 88∼9,XX,YY,2 × t(8;21)(q22;q22)\[20\], and immunophenotype suggested myeloid expression with HLA-DR, CD13, CD15, CD19, CD33, CD34, CD38, CD56, CD64, CD117, CD123, MPO.](medi-98-e16586-g005){#F5}

![The results of bone marrow and peripheral examination after chemotherapy. Bone marrow morphology that revealed no clusters or collections of blast cells, and peripheral blood smear could not observe bone marrow blast cell.](medi-98-e16586-g006){#F6}

![The results of cytogenetic karyotypes and minimal residual disease (MRD) during the patient followed up in clinic. Cytogenetic karyotypes and MRD was detected during the patient followed up in clinic, and the sesults showed continuous complete remission after chemotherapy.](medi-98-e16586-g007){#F7}

3. Discussion
=============

Judging from poor prognostic factors, the patient with AML needed treatment immediately.^\[[@R8]\]^ For patients after PCIs, both conventional anticoagulant and antithrombotic agents are required.^\[[@R9]\]^ But for AML in patients with CHD, few similar cases are reported and no official guidelines and advice exist, making the treatment decision a very difficult and confused clinical issue.^\[[@R10]\]^ We reviewed the reports related to both CHD and AML. It was found that patients with acute promyelocytic leukemia have been reported in many literatures.^\[[@R11],[@R12]\]^ On the one hand, APL is the underlying cause of CHD, and APL-associated thrombosis events are associated with leukemia and the interaction between malignant promyelocytes and host cells.^\[[@R13]\]^ On the other hand, APL patients with bleeding are well known, high incidence of early hemorrhagic deaths remains the greatest contributor to chemotherapy failure.^\[[@R14]\]^ More importantly, bleeding risk elevates after leukemia chemotherapy and postoperative rehabilitation, making how to handle thrombosis in AML more complicated.

Fortunately, the patient had a good prognosis, and prior to making the therapeutic strategies, there are some key issues to be determined in this case, including the adjustment of appropriate regimen selection for antithrombotic therapy based on the periodic change of platelet status, the paradox of bleeding and thrombosis events, and the maintenance of the balance between anthracycline cardiotoxicity and weak cardio function.

3.1. The consideration and advice on chemotherapy regimen adjustment
--------------------------------------------------------------------

A low platelet in AML makes the therapeutic treatment plan hard to be settled, because it is predictable that platelet count would be decreased during chemotherapy. Moreover, the platelets would decrease further due to myelosuppression. Therefore, supportive therapies, like blood transfusion, need to be employed, if necessary, to lower the risk for bleeding.^\[[@R15]\]^ Meanwhile, risks of bleeding and thrombosis are both elevated in leukemia, and PCI can also raise the risk in thrombosis, so the balance among several aspects is of great significance.^\[[@R10],[@R16]\]^ Thus, an integrated therapeutic regimen should be carefully designed in the early phase treatment for this patient, and supportive care should be commenced at once the completion of chemotherapy to avoid a severer level of myelosuppression.

Considering the risk in bleeding is high prior to having chemotherapy, we decided to stop using Low-Molecular-Weight Heparins Sodium and Aspirin immediately. Considering thrombocytopenia and prophylaxis of stent thrombosis, clopidogrel should be still prescribed combined (75 mg QD) with individual anticoagulant and anti-thrombosis therapy.^\[[@R17]\]^

Furthermore, according to the clinical guideline, idarubicin (10 mg, IVGTT, D1-3) and cytarabine (200 mg, IVGTT, D1-7) were chosen as primary induction chemotherapy regimen.^\[[@R15]\]^ Then single cytarabine regimen (2000 mg, IVGTT, D1, 3, 5) was used in 2nd and 3rd cycles every 3 cycles to reduce the accumulative toxicity of idarubicin in postinduction chemotherapy.^\[[@R18]\]^ There was an attenuation in the result of bone marrow biopsy test after the induction chemotherapy. The cardiac function was monitored during therapy time, and there was no related adverse event occurred.

In addition, chemotherapy-induced symptoms need to be controlled and relieved clinically by hydration, urine alkalized, etc. Cytarabine has renal toxicity and neurotoxicity and patients receiving high-dose cytarabine therapy are at high risk of cerebellar toxicity monitored by neurologic assessment, including tests for nystagmus, slurred speech, and dysmetria that should be performed before each dose of cytarabine.^\[[@R19]\]^ Additionally, the accumulative dose of anthracycline worth attention, the protection agent Dexrazoxane should be administrated before 30 minutes of idarubicin.^\[[@R20]\]^

3.2. The staged-treatment strategy for anticoagulation therapy
--------------------------------------------------------------

It is well known that aspirin has an irreversible effect on thromboxane A2 (TXA~2~) from pharmacological perspective. Platelet aggregation triggers the reduction of TXA~2~, and during the long term of treatment, it could maintain a constant level in plasma.^\[[@R21]\]^ This would make its synergistic effect, with Clopidogrel, on inhibiting the platelet aggregation promoted. Thus, the combination of these 2 drugs could increase the risks of bleeding.^\[[@R22]\]^ Moreover, the metabolism of Clopidogrel relies on the CYP2C19, and the genotype of CYP2C19 ×1×1 of patients, which means the concentration of the active metabolite of Clopidogrel could be high, so that is the reason why single Clopidogrel could have a satisfying effect of antithrombosis in this case.^\[[@R23],[@R24]\]^

Therefore, the therapeutic strategy for the patient in this case was designed according to following steps. Low-Molecular-Weight Heparins Sodium and Aspirin was stopped immediately due to thrombocytopenia and prophylaxis of stent thrombosis. Because of a high coagulation state resulting from the release of the procoagulant from leukemia cell, Clopidogrel (75 mg QD) remained to be prescribed with individualized antithrombosis therapy. It was concluded that Clopidogrel needed to be maintained and aspirin ought to be stopped under the condition of platelet counts less than 100 × 10^9^/L. Clopidogrel could be stopped when the platelet counts less than 60 × 10^9^/L in case of the high risks of bleeding. The combination treatment could be restored after chemotherapy for the recovery of blood cell counts. Finally, the suggestion was taken by the physician to make an adjusted regimen. There were no bleeding and thrombosis any more, with coagulation function being normal, during the whole process of treatment.

3.3. Other cautions for treatment procedures
--------------------------------------------

The chance of fungal infection increased remarkably because of chemotherapy. The use of azoles combined with idarubicin and cytarabine elevates the toxicity of drugs compared with using alone, and weakens the effect of antifungi agents.^\[[@R25]\]^ Consequently, the selection of antifungi agents should be cautioned.

Statins, as a regular preventive medication for atherosclerosis, would cause hepatic dysfunction and affect the coagulation.^\[[@R26]\]^ Pharmacists give a suggestion that the functions of liver and coagulation are needed to be monitored to avoid bleeding. Even though the metabolisms of Atorvastatin and Clopidogrel are both determined by CYP 3A4, the metabolic capability of CYP 3A4 is not saturated for the combination of these 2 drugs with a regular dose, and furthermore, there is an increase in the activity of nitric oxide synthetase in the platelet to promote the disaggregation of platelet.^\[[@R27]\]^ Therefore, statins play an essential role in the atherosclerotic ischemia therapy.

Currently, based on the evidence, there is a correlation between stent thrombosis and special high coagulation state of the mutation on factor V and antiphospholipid syndrome.^\[[@R28]\]^ High coagulation state could be induced by certain solid tumor particularly in some adenocarcinoma, and it is reported that the incidence of AML shows a correlation with hyperhomocysteinemia, and noted that the level of homocysteine would enhance the production of thrombus.^\[[@R29]\]^ In summary, the therapeutic experience for cancer combined with thrombus is lacked and there are few similar reports.

According to this case, it is found that, besides the individual genetic factor, other aspects that would influence the treatment, for instance, the size, type and position of the stent; postoperative stent status, complications and, medication tolerance and dose during treatment should be taken into consideration. According to the guidelines, there is insufficient evidence to support PCI for the cancer patients with stable angina pectoris in recent years. It is believed that more similar cases will be reported with an increased incidence of malignancy and growing number of the stent, and more evidence will provide a wiser strategy for the individual treatment. Further proof for the PCI indication of patients with malignancy, antithrombosis and anticoagulation pharmacotherapy will be studied.

3.4. Ethical approval
---------------------

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional research committee at which the studies were conducted and with the 1964 Helsinki declaration and its later amendments or comparable.

3.5. Patient consent statement
------------------------------

Informed Consent: Patient has provided informed consent for publication of the case. A copy of the consent form is available for review upon request.
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